Introduction
The incidence of lung cancer in the People's Republic of China has doubled in the past decade 1 likely because of aging population, poorly controlled cigarette smoking, and air pollution associated with rapid economic growth. 2, 3 Similar to the tumor histology distribution of lung cancer in industrialized countries, .80% of diagnosed lung cancer in Chinese patients is non-small-cell lung cancer (NSCLC). 4 Because of the challenges associated with early detection, 5 NSCLC is often diagnosed at advanced stage 6 in Chinese patients, and chemotherapy is the main therapeutic option 7 that may extend survival and improve quality of life in patients with advanced NSCLC over best supportive care alone. 8 With substantially increased reimbursement coverage for hospital care in the People's Republic of China, 9 health resource utilization associated with chemotherapy for advanced NSCLC has become an important consideration for both clinical and reimbursement decision-making.
Many advances have been made for treating advanced NSCLC in the past decade. One of those advances is the role of tumor histology in predicting clinical effects of chemotherapy for advanced NSCLC. 10 Pemetrexed treatment was found be more effective and associated with less toxicity than gemcitabine treatment in the first-line setting 11 when treating advanced nonsquamous non-small-cell lung cancer (AdvNS-NSCLC). Pemetrexed treatment may be associated with lower consumption of health resources if the improved clinical effects and better safety profile translate into fewer treating disease-related symptoms and adverse events (AEs). Thus, we conducted this real-world cohort study to test this hypothesis by comparing the allocation of hospital costs per treatment cycle (HCTC) associated with pemetrexedplatinum and other platinum-based doublets commonly used in the first-line setting for AdvNS-NSCLC in a retrospective cohort of Chinese patients.
Methods
This study was designed as a retrospective cohort study including Chinese patients identified from Hunan Province Tumor Hospital (HNPTH) and Xiangya Hospital (XYH), the two major tertiary hospitals providing cancer care to patients living in Hunan province, People's Republic of China. The observation time set for patient identification was from January 1, 2010, to December 31, 2012. The study protocol was reviewed and approved by the ethics review boards of HNPTH and XYH.
Patient identification
The electronic hospital admission registry databases in the two hospitals were used to search for patients who were hospitalized for lung cancer between January 1, 2010, and December 31, 2012. The identified patients with NS-NSCLC or histologically unclassified lung cancer were linked with their hospital records to confirm their tumor histology and tumor stage according to the definitions made by the International Staging Committee of the International Association for the Study of Lung Cancer in 2009. 12 The medical records of patients with biopsy or cytology-confirmed NS-NSCLC, mainly including adenocarcinoma or large-cell carcinoma, were further reviewed for any records of platinum-based doublet treatment in the first-line setting after the diagnosis of stage IIIb or IV cancer. To have a sufficient sample size for data analysis, our study only included patients receiving cisplatin-or carboplatin-based doublets with pemetrexed (given with supplementation of folic acid and vitamin B12 and approved to treat advanced NSCLC with cisplatin in the first-line setting), docetaxel, paclitaxel, gemcitabine, or vinorelbine. Patients receiving tyrosine kinase inhibitor, epidermal growth factor receptor monoclonal antibody, and/or anti-angiogenic therapy in the first-line setting were excluded in order to control their confounding effects on tumor response and clinical toxicity associated with the studied platinum-based doublets. This study also excluded patients who initialized first-line chemotherapy out of HNPTH or XYH or who had missing information on hospital costs during follow-up.
Data extraction
The follow-up time defined for data extraction was set from the hospitalization with the first administration of platinumbased doublets to the hospitalization with the last administration of platinum-based doublets. We reviewed the hospital records before the first administration of the studied doublets to extract baseline characteristics of patients that included demographic information, type of health insurance plan, smoking status, physical function assessed by the Eastern Cooperative Oncology Group's performance status, baseline marrow function, and disease information on tumor stage, tumor histology, and metastasis status. We also reviewed hospital prescription records to extract treatment information on administration doses and schedule of the studied platinumbased doublets. Additionally, the prescription records for granulocyte colony-stimulating factor (G-CSF), erythropoietin, thrombopoietin, interleukin 11, and blood products (blood transfusion and/or platelet infusion) were extracted for the patterns of treating hematological AEs 13 associated with the studied platinum-based doublets. The extracted information also included tumor response, which was assessed every two treatment cycles using Response Evaluation Criteria in Solid Tumors (Version 1.0) 14 and clinical toxicity, 
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which was assessed by the Common Terminology Criteria for Adverse Events (Version 3.0) with modified criteria for anemia 15 in the two study hospital settings. The laboratory blood testing results for hemoglobin, white blood cell count, neutrophilic granulocyte count, and platelet count during follow-up were also extracted as supplemental information to confirm hematological AEs. Finally, hospital discharge billing records associated with each hospitalization during follow-up were reviewed to extract hospital costs associated with billable medications and services. Because the billing records only provided the cost sum by category, we tracked the prescriptions of chemotherapy drugs (platinum agent and cytotoxic agent) to estimate the chemotherapy drug costs. The hospital costs were classified into three categories in this study: chemotherapy drug costs, nonchemotherapy drug costs, and nondrug care costs. The perspective of the hospital costs was the People's Republic of China's health system, and any hospital costs were taken into account irrespective of their reimbursement status.
Outcome measures
The primary outcome measure in our study was HCTC. The extracted hospital costs from the two study hospitals were categorized by platinum agents, nonplatinum cytotoxic agents, nonchemotherapy drugs, and nondrug care for the allocation of hospital costs. The secondary outcome measures in our study included tumor response, which was classified as complete response, partial response, stable disease, and progressive disease (PD), defined by Response Evaluation Criteria in Solid Tumors (Version 1.0). The secondary outcome measures also included clinical toxicity measured by hematological and nonhematological AEs. Because early treatment discontinuation often occurred within two treatment cycles because of PD, there is often lack of tumor response assessment in these patients. To include the patients with early treatment discontinuation in the data analysis, we further classified tumor response as tumor control (defined as complete response, partial response, or stable disease) and treatment failure (defined as PD or no tumor response assessment associated with early treatment discontinuation) for data analysis. To control the bias associated with missing information on hematological toxicity assessment associated with platinum-based doublets, we used both recorded hematological AE information from hospital medical notes and homological toxicity assessment based on laboratory blood testing results to measure occurrence and severity of hematological AEs associated with studied platinum-based doublets.
Data analysis
One-way analysis of variance and Fisher's exact test were used to describe the differences in patients' baseline characteristics and treatments used to prevent and/or treat hematological AEs in patients receiving the five studied doublets. Propensity score methods were used to create matched pairs for pemetrexed-platinum versus the other four studied platinum-based doublets, respectively, after balancing baseline characteristics of patients and treatments for hematological AEs. The matching condition was set as propensity score difference between matched pairs ,0.001 when using the greedy approach. 16 McNemar's test was used for head-to-head comparisons of tumor response and occurrences of AEs between propensity score-matched treatment groups. Wilcoxon signed rank test was used to compare the allocation of HCTC and HCTC for nonchemotherapy drugs and nondrug care between matched treatment groups. We further used multiple logistic or linear regression analyses with generalized estimating equation to adjust imbalanced baseline variables (P,0.5 after propensity score matching) in propensity score-matched patients to confirm the observed differences in tumor response, clinical toxicity, and the allocation of HCTC between the matched treatment groups for pemetrexed-platinum versus the other four studied platinum-based doublets. 17 Finally, we used vinorelbine-platinum as reference to rank the association between five studied platinum-based doublets and the log 10 scale of HCTC for nonchemotherapy drugs and nondrug care in all patients, which included patients stratified by their tumor response and hematological AEs using multiple linear regression analyses with adjustment of baseline characteristics and treatments for hematological AEs. Statistical significance was defined as two-sided P-value ,0.05 in this study, and SAS 9.2 was used to perform the data analyses described earlier.
Results
The initial search of electronic hospital admission registry databases identified 4,558 patients who were hospitalized for lung cancer. We first excluded 3,054 patients without chemotherapy treatment in hospital and 698 patients with ineligible histology or lack of tumor histology information (333 with squamous histology, 207 with mixed squamous and nonsquamous histology, 91 with small-cell histology, and 67 without biopsy or cytology-confirmed tumor histology). We further excluded 140 patients with tumor stage less than IIIb, 179 patients due to treatment received (166 patients receiving first-line chemotherapy other than the studied five 
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platinum-based doublets and 13 patients receiving tyrosine kinase inhibitor or epidermal growth factor receptor monoclonal antibody in the first-line setting), and 40 patients due to missing hospital billing information. The final data analyses were based on 447 patients who met all eligibility criteria, including 259 patients receiving five studied doublets in HNPTH and 188 patients treated by pemetrexed-, docetaxel-, or gemcitabine-contained doublet in XYH. The patient identification processes in the two hospitals are illustrated in Figure 1 .
Patient baseline characteristics and patterns of care
Of the 447 eligible patients, 34.9% received pemetrexedplatinum (n=156), 15% received docetaxel-platinum (n=67), 8.7% received paclitaxel-platinum (n=39), 24.6% received gemcitabine-platinum (n=110), and 16.8% received vinorelbine-platinum (n=75). The comparisons of baseline characteristics of patients across the five treatment groups ( The most frequently used doublets in the three hospital admission years were vinorelbine-platinum in 2010 (77.3%, P,0.001), gemcitabine-platinum in 2011 (36.4%, P=0.002), and pemetrexed-platinum in 2012 (43%, P,0.001). Cisplatin was used more frequently in the combination treatment with vinorelbine (93.3%, P,0.001), and carboplatin was used more frequently in the combination treatment with paclitaxel (43.6%, P,0.001). G-CSF was used most frequently in patients receiving paclitaxel treatment (76.9%, P=0.061), and interleukin 11 was used most frequently in patients receiving vinorelbine treatment (16%, P,0.001). The five studied platinum-based doublets were each administered every 3 weeks. Pemetrexed, docetaxel, and paclitaxel were each administered once at day 1 per treatment cycle, while gemcitabine and vinorelbine were administered at both day 1 and day 8 per three-week treatment cycle. The administered doses of the five studied doublets were highly consistent with the recommended doses. The completed treatment cycles associated with the five studied doublets significantly differed even though the average completed treatment cycles had a small range (two to three cycles, P,0.001). The comparisons of treatment patterns across the five treatment groups are summarized in Table 1 . 
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Comparisons of tumor response, clinical toxicity, and allocation of HCTC between propensity score-matched treatment groups
Propensity score methods created 61 matched pairs for pemetrexed-platinum versus docetaxel, 39 matched pairs for pemetrexed-platinum versus paclitaxel-platinum, 93 matched pairs for pemetrexed-platinum versus gemcitabine-platinum, and 73 matched pairs for pemetrexed-platinum versus vinorelbine-platinum for head-to-head comparisons.
Tumor response
The head-to-head comparisons of tumor response indicated that pemetrexed-platinum was associated with significantly higher tumor control rates as compared to the docetaxel ( Table 2 .
Clinical toxicity
Head-to-head comparisons of occurrences of AEs indicated that pemetrexed-platinum was highly comparable to docetaxel-platinum regarding clinical toxicity but was associated with fewer hematological AEs than the other three studied doublets. .013) than vinorelbine-platinum. The head-to-head comparisons of the occurrence rates of hematological and nonhematological AEs between the propensity score-matched treatment groups for pemetrexed-platinum versus the other four studied doublets are summarized in Table 2 .
Allocation of HCTC
Comparisons of the allocation of HCTC demonstrated that pemetrexed-platinum was associated with significantly higher nonplatinum cytotoxic drug costs (median differences ranged from RMB 4,636 to RMB 7,332 [1 RMB= US$0.16]) but significantly less HCTC for nonchemotherapy drugs and nondrug care (median difference ranged from -RMB 
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3,251 to -RMB 1,478) than the other four studied doublets. Pemetrexed-platinum was comparable to the other four studied platinum-based doublets regarding the HCTC for platinum agent and nondrug care. Because the saved costs for nonchemotherapy drugs and nondrug care associated with pemetrexed-platinum treatment did not completely offset the high acquisition costs of pemetrexed, the total HCTC associated with pemetrexed-platinum remained significantly higher than the other four studied platinum-based doublets (median increase ranged from RMB 1,692 to RMB 7,400). Further adjusting imbalanced baseline variables after propensity score matching observed that the log 10 scale of HCTC for nonchemotherapy drugs and nondrug care associated with pemetrexed-platinum treatment was significantly less than that for docetaxel (coefficient −0.246, P=0.003), paclitaxel (coefficient −0.351, P,0.001), or gemcitabine doublet (coefficient −0.194, P=0.001). The head-to-head comparisons of the allocation of HCTC between propensity score-matched treatment groups for pemetrexed-platinum versus the other four studied doublets are summarized in Table 3 .
Ranking the studied doublets by their impact on HCTC for nonchemotherapy drugs and nondrug care in patients stratified by tumor response and hematological toxicity
The multiple linear regression analysis ranked pemetrexedplatinum to have the lowest coefficient (−0.174, P=0.015) for the log 10 scale of HCTC for nonchemotherapy drugs and nondrug care among the five studied platinum-based doublets in 409 patients irrespective of their status of tumor control and hematological AEs (Figure 2A ). The coefficient associated with pemetrexed-platinum was also ranked the lowest for the log 10 scale of HCTC for nonchemotherapy drugs and nondrug care in 272 patients experiencing any hematological AE (coefficient −0.199, P=0.013; Figure 2B ), in 73 patients experiencing neutropenia (coefficient −0.426, P=0.021; Figure 2C ), and in 119 patients experiencing leukopenia (coefficient −0.406, P=0.001; Figure 2D ). However, the coefficient associated with both docetaxel-(coefficient 0.261, P=0.006) and gemcitabine-contained doublets (coefficient 0.252, P=0.021) for the log 10 scale of HCTC for nonchemotherapy drugs and nondrug care was significantly higher than vinorelbine-platinum in 272 patients experiencing any hematological AE. No other significant differences were observed regarding the coefficients associated with the five studied platinum-based doublets for the log 10 scale of HCTC for nonchemotherapy drugs and nondrug care in patients experiencing tumor control ( Figure 2E ), treatment failure ( Figure 2F ), no hematological AE ( Figure 2G ), anemia ( Figure 2H ), or thrombocytopenia ( Figure 2I ).
Discussion
To our knowledge, this study is the first to assess real-world data to demonstrate that superior tumor response and better safety profile associated with chemotherapy could save hospital costs for nonchemotherapy drugs and nondrug care in the first-line setting for AdvNS-NSCLC in Chinese patients. Among the five platinum-based doublets frequently used to treat AdvNS-NSCLC in Chinese patients, pemetrexed was the most expensive nonplatinum cytotoxic agent. However, our study observed that pemetrexed treatment was associated with superior tumor response and less clinical toxicity, which could reduce the utilization of nonchemotherapy drugs and nondrug care and offset the drug acquisition costs of pemetrexed-platinum. Additionally, our study also observed that pemetrexed-platinum was associated with the lowest hospital costs for nonchemotherapy drugs and nondrug care in patients experiencing neutropenia or leukopenia, the two common hematological AEs associated with chemotherapy. This may suggest that pemetrexed treatment could further save hospital costs for nonchemotherapy drugs and nondrug care by causing less severe hematological toxicity. Thus, our study is a great example to demonstrate economic benefits associated with tumor responses and clinical toxicity of chemotherapy when treating cancer patients. The superior tumor response and better safety profile associated with pemetrexed treatments in the real-world first-line setting for AdvNS-NSCLC were consistent with what were observed in Chinese patients receiving pemetrexed treatment in the second-line setting. 18 Our study observed superior tumor response but highly comparable clinical toxicity associated with pemetrexed treatment when compared with docetaxel-platinum doublet. Because the highly comparable clinical toxicity between the two doublets should consume similar hospital resources for AE management, the observed superior tumor response associated with pemetrexed treatment was the only known factor contributing to the saved hospital costs for nonchemotherapy drugs and nondrug care associated with pemetrexed treatment. A recent Phase III trial reported that the increased utilization of health resources associated with maintenance therapy in tumor-controlled patients was mainly related to hematological AE management, including blood transfusion, G-CSF, and anti-infection medications. 19 Thus, we believe that the better safety profile associated with pemetrexed treatment could further save hospital costs for nonchemotherapy drugs and nondrug care when compared with the paclitaxel-, gemcitabine-, or vinorelbine-based doublet, the three cytotoxic agents usually associated with significant hematological toxicity. Additionally, the better safety profile of pemetrexed treatment was mainly related to hematological toxicity. The saved hospital costs for nonchemotherapy drugs and nondrug care associated with pemetrexed treatment could be the result of less use of health resources for hematological AEs. With the rare use of blood transfusions and platelet infusions in our study cohort, the reduced hospital costs for nonchemotherapy drugs associated with pemetrexed treatment may suggest reduced utilization of nonchemotherapy drugs managing hematological toxicity. Future studies are needed to further confirm our hypothesis on the saved drug costs for hematological toxicity in patients receiving pemetrexed treatment. Our study ranked the five studied doublets for their impact on hospital costs for nonchemotherapy drugs and nondrug care in patients stratified by tumor response and hematological AE to further explore any other factors that could affect hospital costs for nonchemotherapy drugs and nondrug care. Pemetrexed-platinum doublet was associated with significantly lower hospital costs for nonchemotherapy drugs and nondrug care in patients who experienced neutropenia or leukopenia, the two conditions usually treated with G-CSF and antibiotics. 20 This finding suggests that the hematological toxicity associated with pemetrexed treatment could be less severe. Because the small sample size does not allow us to adjust possible confounding effects associated with tumor response and nonhematological AEs in these patients, future
ClinicoEconomics and Outcomes Research 2016:8 submit your manuscript | www.dovepress.com Dovepress studies are needed to confirm our hypothesis regarding the impact of AE severity on hospital costs for nonchemotherapy drugs and nondrug care. Another important factor contributing to lower hospital costs for nonchemotherapy drugs and nondrug care associated with pemetrexed treatment is the treatment administration schedule. Both gemcitabine and vinorelbine were administered twice at days 1 and 8 per treatment cycle, and the length of hospital stay per treatment cycle was increased by 4-5 days when compared to pemetrexed treatment, which was administered only once at day 1 per treatment cycle. Thus, the shorter hospital stay associated with pemetrexed treatment undoubtedly reduced hospital costs for nonchemotherapy drugs and nondrug care.
This study has several significant implications on clinical practice, research, and health policy-making. First, the generated clinical and economic evidences in this study could further reduce uncertainty associated with tumor response, clinical toxicity, and medical costs of platinum-based doublets for AdvNS-NSCLC in the first-line setting. Second, our study design and study methods can be used in other settings to explore the economic impact of clinical effectiveness and toxicity associated with chemotherapy. Third, the real-world tumor response, clinical toxicity, and hospital costs associated with the five studied doublets in our study can be applied to future cost-effectiveness analyses and budget impact analysis, which have been increasingly used to support reimbursement decision-making in the People's Republic of China. Finally, the tumor response associated with pemetrexed treatment in our study is much stronger than previous studies that mainly included Caucasian patients. We had a hypothesis that Chinese ethnicity could be more sensitive to pemetrexed than other cytotoxic agents. Thus, future studies are needed to confirm our hypothesis regarding the impact of ethnicity on clinical and economic benefits of pemetrexed treatment for AdvNS-NSCLC in the first-line setting.
There are several limitations associated with the retrospective nature of this study. First, about half of the eligible patients had no tumor response assessment because of early treatment discontinuation. Because our study was unable to identify the cause of treatment discontinuation, missing information on tumor response in patients with early treatment discontinuation could bias our comparisons on tumor response. Second, our study was unable to capture clinical toxicity associated with the studied platinum-based doublets outside of the two participating hospitals. The longer hospital stay associated with gemcitabine and vinorelbine doublets increased observation time for treatment toxicity and might overestimate the clinical toxicity associated with the two treatments. Third, the hospital settings were not adjusted in our analysis because paclitaxel-and vinorelbine-contained doublets were not used in XYH. Fourth, this study was unable to make full adjustment of potential confounding effects associated with social economic status on hospital costs for nonchemotherapy drugs and nondrug care due to the lack of information. Because the price of vinorelbine was much lower than other nonplatinum cytotoxic agents, it may be used more often in patients with lower socioeconomic status. Therefore, the confounding effects associated with possible lower socioeconomic status in patients receiving vinorelbine treatment could have overestimated the cost saving associated with pemetrexed treatment for nonchemotherapy drugs and nondrug care. Fifth, selection bias could also be introduced by the propensity score methods that only selected matched patients for comparisons of measured outcomes. The P-values of multiple comparisons between propensity score-matched treatment groups were not further adjusted to reduce the risk of type I error. Finally, the significant economic gaps and demographic differences across Chinese cities 11 affect the generalizability of our study results based on two hospitals in a provincial capital.
Conclusion
In summary, this retrospective cohort study demonstrated that the superior tumor response and better toxicity profile associated with pemetrexed-platinum doublet was also related to lower hospital costs for nonchemotherapy drugs and nondrug care, mainly for nonchemotherapy drugs, when compared with other platinum-based doublets frequently used in the first-line setting for AdvNS-NSCLC in Chinese patients. However, the saved hospital costs for nonchemotherapy drugs and nondrug care associated with pemetrexed treatment were not higher enough to completely offset the increased drug acquisition cost of pemetrexed relative to other cytotoxic agents. 
